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Abstract.—Effect of four extenders on the success of
cryopreservation of the semen of muskellunge Esox mas-
quinongy and yellow perch Perca flavescens was tested.
These extenders consisted of 0.45 M sucrose and were
supplemented with either (1) 15% dimethyl sulfoxide
(DMSO), (2) 15% DMSO and 10% hen’s egg yolk, (3)
15% dimethylacetamide (DMA), or (4) 15% DMA and
10% egg yolk. The use of extender with DMA alone
yielded only about 7% muskellunge sperm fertilizing
ability after cryopreservation. Supplementation of this
extender with egg yolk produced a fertilization rate
(36.6% of the control where fresh sperm was used) not
significantly different from rates obtained with extenders
containing DMSO. No significant differences were
found among particular pools (consisting of semen from
three different males per pool) of muskellunge semen
used in this experiment. Fertilization rates of cryopre-
served yellow perch semen (range, 69.6% to 77.3%)
were not significantly different among all extenders test-
ed. Cryopreservation success differed significantly be-
tween milt samples from individual yellow perch males.
Yellow perch eggs could be stored up to 77 min at 108C
(fertilization success ranged from 57.2% to 64.8%). Our
results provided 25–35% improvement of cryopreser-
vation technology for yellow perch semen (measured as
fertilization rate) and new data for cryoprotectant use in
muskellunge. We were also able to prolong in vitro vi-
ability of yellow perch eggs during storage compared
with earlier attempts.
Importance of cryopreservation for long-term
storage of spermatozoa is now widely recognized
(Cloud et al. 1990). Cryopreservation procedures
for fish milt include dilution of milt in an extender,
a short equilibration period (for some species),
freezing of diluted milt, storage in liquid nitrogen,
and thawing in appropriate solutions. However, it
appears that these protocols must be optimized for
each fish species. The most critical factors that
need be optimized are the composition of the ex-
tender, equilibration time, rate of freezing and
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thawing, and composition of thawing solutions.
The quality of the semen is also critical for suc-
cessful cryopreservation (Billard 1990, 1992).
Milt samples that are contaminated with urine or
that have been stored too long before freezing can
decrease cryopreservation success (Stoss 1983;
Rana 1995).
Despite optimization efforts, the cryopreserva-
tion process usually produces damage to large
numbers of spermatozoa. Therefore, only a small
fraction of spermatozoa are viable after freezing–
thawing. For this reason, more cryopreserved milt
than fresh milt (up to 10 times) is needed to fer-
tilize the same number of oocytes (Billard 1992).
Even such an increased number of cryopreserved
spermatozoa does not always provide the same fer-
tilization success as fresh milt. This low fertilizing
success of cryopreserved semen is not economi-
cally feasible for hatchery production because of
the high costs of sperm storage and low efficiency.
Therefore, efforts must be directed to achieving
fertilization rates with cryopreserved semen sim-
ilar to those obtained with fresh semen.
Ciereszko et al. (1993) and Lin et al. (1996)
reported the successful cryopreservation of the se-
men of yellow perch Perca flavescens and mus-
kellunge Esox masquinongy. However, for both
species, the fertilization rate of cryopreserved se-
men was only about 40% of fresh semen. We also
observed a decrease in quality of yellow perch
eggs after 30-min storage at room temperature (Ci-
ereszko et al. 1993). This seriously limits the use
of a single batch of eggs for testing larger numbers
of individual milt samples.
In this study, our objectives were to evaluate the
effectiveness of simple extenders consisting of su-
crose supplemented with dimethyl sulfoxide, di-
methylacetamide, or hen’s egg yolk to improve the
cryopreservation success of muskellunge and yel-
low perch milt and to improve short-term store-
ability of yellow perch eggs.
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Methods
Muskellunge were caught by trap nets in Clear
Fork Reservoir, Ohio. Fish were stripped of milt
or eggs as described in Lin et al. (1996). Mus-
kellunge semen was collected from 12 males in
May. Four semen pools were formed, each con-
sisting of three different milt samples. Yellow
perch were cultured using artificial diets at the
Piketon Research and Extension Center, Piketon,
Ohio (Ciereszko et al. 1993). Also in May, yellow
perch semen was obtained from five males but was
not pooled before cryopreservation. Only samples
with sperm motility of at least 90% (estimated un-
der light microscope) were selected for cryopres-
ervation. Milt was diluted (100-fold) and acti-
viated in 0.5% NaCl for motility estimation. Av-
erage sperm concentrations (mean 6 SE, estimated
as described by Ciereszko and Dabrowski (1993),
were 17.9 6 2.0 3 109 and 48.5 6 1.6 3 109
spermatozoa for muskellunge and yellow perch,
respectively. Eggs were collected from one female
of each species at the same time as semen collec-
tion. Quality of short-term storage of yellow perch
eggs was evaluated at 108C and 128C. For this
purpose, eggs (in a layer 0.5 cm deep) were kept
in a plastic beaker in a water bath. The plastic
beaker was loosely covered with a plastic lid. Fer-
tilizing ability of eggs was tested after 11 and 72
min at 128C, and after 23, 32, 40, 56, 68, and 77
min of storage at 108C.
The following extenders were used: (1) DMSO
(15% dimethyl sulfoxide), (2) DMSO–yolk (15%
DMSO and 10% egg yolk), (3) DMA (15% di-
methylacetamide), and (4) DMA–yolk (15% DMA
and 10% egg yolk). All extenders contained 0.45
M sucrose. The extender vehicle was double dis-
tilled water. Semen was cryopreserved on dry ice
according to methods previously described (Ci-
ereszko et al. 1993; Ciereszko and Dabrowski
1996; and Lin et al. 1996), but 0.05-mL pellets
were formed instead of 0.1-mL pellets. After 5 min
on dry ice, the pellets were transferred to liquid
nitrogen. Samples were frozen in the field (mus-
kellunge) or laboratory (yellow perch) within 1 h
after collection of semen. Frozen milt of muskel-
lunge and yellow perch were stored in liquid ni-
trogen for 4 h and 5–12 d, respectively.
Four pellets from each pooled muskellunge se-
men sample were thawed at 308C in 5 mL of 30
mM tris–HCl buffer, pH 8.0, containing 75 mM
NaCl (activation medium); the solution was then
poured over 4 g of eggs (approximately 400 eggs).
Sperm : egg ratio was about 2.5 3 106 :1. Fresh
semen (stored 6 h on ice) was used as a control
for the same pooled samples. Embryos were in-
cubated in a miniature Weiss apparatus as de-
scribed by Bardega and Luczynski (1990). The
percentage of eyed and hatched embryos was de-
termined at 4 and 8 d, respectively.
Pellets (1–2) from each male yellow perch were
thawed in 5 mL of 0.5% NaCl at 218C. About 3
3 106 spermatozoa per egg were employed during
fertilization. Fresh semen (stored for 1 h on ice)
from three pooled males was used as a control.
Eggs were kept in covered plastic trays in a water
bath at temperatures between 108C and 128C be-
fore fertilization. After fertilization, eggs were in-
cubated in California trays as described by Ci-
ereszko et al. (1993). The percentage of eyed em-
bryos was determined after 6 d and expressed as
percentage of controls (pooled fresh semen).
One-way analysis of variance (ANOVA) for re-
peated measures was used to evaluate cryopres-
ervation success. Fisher’s least-significant-differ-
ence test was used for posthoc comparison of
means. Percentage data were subjected to arcsine
transformation; P , 0.05 was chosen as the test
of significance.
Results
Fertilization rates with fresh sperm were 63.8
6 1.3% and 61.1 6 3.1% for muskellunge and
yellow perch, respectively. The fertilization rate
of yellow perch eggs stored at 128C was 91.5%
after 11 min of storage and 74.5% after 72 min of
storage. Storage temperature of 108C provided
good quality perch eggs for at least 77 min. Fer-
tilization rate of eggs stored at 108C was 61.4,
57.2, 59.3, 64.7, 64.9 and 59.2% after 23, 32, 40,
56, 68 and 77 min of storage, respectively.
Cryopreservation success (38–40%, expressed
as percentage of control, which was 24–25% ac-
tual fertilization) for muskellunge semen was not
significantly different when comparing extenders
containing DMSO (Figure 1A). The use of DMA
alone as an extender provided only about 7% of
sperm fertilizing capacity, whereas supplementa-
tion of this extender with egg yolk produced a
sperm fertilization rate (36.6%) not significantly
different from those obtained with extenders con-
taining DMSO. Similar results were obtained when
fertilization rate was evaluated at the eyed stage
(Figure 1A). We obtained fertilization success ex-
pressed as eyed embryos (69.6–77.3% of control
which was equal to 42.5–47.2% actual fertiliza-
tion) for cryopreserved yellow perch milt that was
higher than that for muskellunge when using the
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FIGURE 1.—Fertilizing ability expressed as percent of control (mean 6 SE) for (A) muskellunge and (B) and
yellow perch spermatozoa cryopreserved with one of four extenders: 0.45 M sucrose supplemented with 15%
dimethyl sulfoxide (DMSO), 15% DMSO and 10% hen’s egg yolk, 15% dimethylacetamide (DMA), or 15% DMA
and 10% egg yolk. Among extender types mean values without a lower case letter in common are significantly
different (P , 0.05).
same extenders (Figure 1B). Similar cryopreser-
vation success (65.1–69.2%) was obtained when
using eggs stored at 128C (data not shown). We
did not observe a decrease in fertilization rate of
yellow perch sperm when DMA extender was
used, as was the case for muskellunge semen, and
there were no significant differences between ex-
tenders.
We did not observe significant differences in
fertilizing capacity between four pools of cry-
opreserved muskellunge milt (Figure 2A). We
found that one male yellow perch had semen of
significantly lower quality than the other four yel-
low perch (Figure 2B). Data for individual males
(yellow perch) or pools of semen (muskellunge)
cryopreserved in four extenders were combined
for these calculations.
Discussion
We found that yellow perch eggs can be stored
up to 77 min at 108C before fertilization. This ob-
servation is important for performing fertilization
trials when many semen samples need to be tested
on one group of eggs. Yellow perch eggs are more
prone to deterioration during storage than mus-
kellunge eggs. For example, 8 h of muskellunge
egg storage at 10–138C did not affect fertility of
eggs (Lin and Dabrowski 1996).
The effectiveness of all four extenders for cry-
opreservation of yellow perch semen appeared to
261COMMUNICATIONS
FIGURE 2.—Cryopreservation success measured as mean 6SE percent fertilization for (A) pools of cryopreseved
muskelunge semen and (B) and individual samples of yellow perch semen. Mean values without a lower case letter
in common are significantly different (P , 0.05).
be similar, and they produced about 70% fertil-
ization of frozen–thawed semen. This is about a
30% improvement compared with our earlier re-
sults (Ciereszko et al. 1993). Previously, we used
an extender consisting of 125 mM sucrose, 6.5 mM
glutathione, 100 mM potassium bicarbonate, and
8% DMSO. Our results indicate that simple ex-
tenders consisting of 15% of either DMSO and
DMA and 0.45 M sucrose are more effective for
yellow perch. It should be pointed out, that better
fertilization rates obtained in our experiments may
be also related to lower osmolality of the thawing–
fertilization solution used (0.5% NaCl instead of
the 0.7% NaCl used previously). It appeared that
DMA, introduced recently for cryopreservation of
fish sperm (McNiven et al. 1993), may be suc-
cessfully used for yellow perch semen as well. The
usefulness of DMA for cryopreservation of mus-
kellunge spermatozoa, however, is doubtful be-
cause its successful cryoprotection was seen only
in the presence of 10% egg yolk. The DMA ap-
peared to be toxic to muskellunge spermatozoa,
and egg yolk was able to counteract this effect.
The cryoprotective effect of egg yolk was seen
only in this case. We observed no beneficial effect
of egg yolk when combined with DMSO or with
DMA for yellow perch semen. Recently, Babiak
et al. (1998) observed that the presence of egg yolk
in extenders decreased fertilization success of the
cryopreserved milt of a cyprynid, asp Aspius as-
pius. These data suggest that cryoprotective effect
of egg yolk may be species specific.
In conclusion, our results provide an improve-
ment of cryopreservation technology for yellow
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perch semen and new data for cryoprotectant use
in muskellunge. We were also able to prolong yel-
low perch egg viability compared with earlier at-
tempts. As we discussed previously, because of
the availability of yellow perch milt outside of the
natural spawning season (Dabrowski et al. 1996),
its cryopreservation may offer an attractive tool
for the breeding of yellow perch
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